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THE STUDY DESCRIBED IN THIS BRIEFING WAS UNDERTAKEN TO DETERMINE 
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A CRITIQUE OF AN SRM FRAGMENT VELOCITY MODEL DEVELOPED BY 
PERSONNEL AT THE NAVAL SURFACE WARFARE CENTER (NSWC) WILL BE THE 
SUBJECT OF THIS AFTERNOON’S BRIEFING. 
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REPRISE OF THE SRM FRAGMENT VELOCITY PHYSICAL EVIDENCE 

• TWO MAJOR SRM FAILURES OCCURRED IN EARLY 1986: 
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IMPLICATIONS OF THE PHYSICAL EVIDENCE 
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REQUIRED MODEL ATTRIBUTES 

“ DE " ERS ' ON AVAILABLE accepts models , 
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EARLY MET COUPLED EULER-LAGRANGIAN MODEL 


ID Q 
X ID 

It 

CD 


ID O 

<2 P 


< 0 . 


CO ^ 

< p 

o lZ 

ID O 

U 

(3 2 
Z 3 
h- 

O < 

< CO 
UJ < 
X CO 
3 h- 
CO O 
CO -I 
LD X 

SF cc 

3 
LD O 
CD b 

< ^ 
X O 

ID o 


wy 

LD LD 
X X 
h- h- 


Sat 

h CO o 




MIMI 




o 

p 

s 

AC 

3 

co 

CO 

LU 

cc 

o. 

>• 

h- 

> 

< 

o 


I- o 

— UJ 

CO \- 

< 3 


CO 


CO 


o 

2 Q. 

< CO 
ll hr 

O UJ 
X > 

0 w 

S u - 

< o 

1 UJ 
UJ o 
CD 2 

. UJ 
3 
O 


< 

CC 


UJ UJ 
2 W 
UJ LU 

OI 

UJ 

Si'.. 

co £ CO 

III 

co 5 


CO 

Q 

o 


0 
Ll 

CO 

< 

CO 

1 


I 

o. 

< 

DC 

0 2 
3 < 

> 2 

< O 2 

3 0 UJ 
9 DC I 

< UJ h 

X Q X 
I 2 O 
h 3 LL 


LU UJ 

f f 


CO 

LU 

CO 

3 

< 

O 


PQ 
H- 
UJ o 
> < 

5 3 


LU o 
§ DC 2 
? O 

CO f- CD 
< O UJ 
O < Q 

SE < 
1112 “ 

E ° K 

t- o < 

2 ° % 
— h- ± 


> 

0 

DC 

UJ 

2 

LU 


X 

I- 


0 = 


CO 

< 

o 


< 

cc 

CD 

LU 
X 
I- 
U_ 

o 

LU LU 

* o o 
0 2 2 
UJ LU UJ 
CC CC CC 


< 

X 

h- 

co 


LU 

X 

h- 

LL 

O 


g 

CO 


LU 

X 


LU LU 
LL LL 

5 2 
3 3 
O O 
DC DC 

o o 


UJ 

X 

£ 

o 

2 

£ 

UJ 

O 


CD 

UJ 

CD 

2 

< 

X 

0 

LU 

X 

H 

X 

O 

CO 

X 

LU 

h* 

LU 

5 

< 

Q 

X 

LU 

I- . 

3 h- 
O 
o 


o 

CO 


5 0 

UJ — 

2 g 

-7 < 

2 o 

UJ UJ 

f f 


UJ 

> 


UJ 

X 


< 

X 

CO Q 
UJ CO 
X -» 
3 UJ 

d x 
< I— 
X x 
x O 

X X 
h- Q 

Q CO 


X 

X 

o 

X 

X 


X 

X 

X 

t 

X 


If 

cu §, 

UJ CO 

fg 

o g 

CO X 

If 

o 


< 

X w 

0 o 
cc ^ 

< 5 

-J o 


> 

< 

5 


X 

O I 

X 


59 S t 


* 

o 

< 

X 


0 
X 
X < 


£ 


O X 


X 

CO 

X 

X 

I- 


__ o 

I- 3 

g* 

2 °° 
< p CO 

x £ ^ 

I- 5 ri 


5 ® 


CO 


X <2 


I- X 


0 


Qg 

0 QC 
X o 
* 2 

^ CO 

Q 
= X 

0 . w 
3 < 
S!? 


f- 

2 

X 

o 

< 

~3 

Q 

< 

X 

X 

I- 

X 

co O 


-r X X 

- qW 


co 2 
o O 

X X 

o m 


^ X 
< > 
X X 
h* Q 

w f— 
X x 
0 0 
X 2 


ATMOSPHERE THRU THIS poros,ty FR0m THE chamber toward the 


FORMULATION POSTULATING CASE SEPARATION 


o 

H 

< 

h- 

Z 

HI 

2 

(D 

< 

cc 

LL 


o 


<0 

< 

o 

Q 

Z 

< 


o 

h- 

< 


HI 

2 

O 

< 

QC 

LL 


LLi 

O 


o 


< 

QC 

O 



lu 

2 

i 

>- 

QC 

< 

LU 


Q. 

O 


LU 

> 

LU 

a 

> 

> 

< 

o 




~ o 

0) — 

E “■ 
g 

Q c 

w 0 ) 

8 e 

c 05 

8 * 
c o 
(5 ~ 

5 g 

£ o> 
« ® 
<3 m 

5 c 
= *5 

jg 5 

6 *0 
6 S 


*0 0) 

S 2 

w 0) 

<D a 3 
£ 8 
E o 
m < 
jz 

0 o 
c 

1 E 

£ o> 

03 QJ 

(5 m 

E 

£ o 'm 
0) r* k - 

a .5 0 

O tn w 
<o c 
co O 1 
a? 2 
o> • — 
cz >* ^ 

<0 ■- m 
Ifl > 2 
^ > 
0l o < 



c CT *0 O <0 = 

— c c •• 2 « 

•ns <o a? £ w 

■g So -2 ° 

O <o fo c 


— w W 

2 -t - a? <5 

M ® £ = o 
g? c 

? r <0 W 5 

a? a? J2 2 

c c a> , - 
uj o r > © 

£ O) nj (/) 

.E w i .£(3 

- (* <0 w 

(/) ® n 2 

8 IS 1 

o i i| E 
O « a> 
0) TL c CC Q 

S ?E b 

5 c s a> c 
2 2 « * '5 
O O .S O *5 
(TOO JO 


S 

(75 


0 ) <0 

N § 
(A — 

c « 

« 3 

s 1 

Jr « 

1 C 

^ s 

E * 

C cn 
O -Q 

0 ) D 

a co 


s-oeno o; mc 
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Note: Subsequent Film Evidence Confirmed that the 
Effective Crack Propagation Rate was 320 m/s 
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Initial Casing Failure at 0 Degree “Arbitrary Cavity-Pressure Reduction Factor tFragmentation Time. 

Used to Match Observed Results* 7 * 




















COMPARISON OF PREDICTED AND MEASURED VELOCITIES FOR 

AN STS-SRM AT 1 10 SEC MET 



Fragment Velocity (ft/sec] 






SUMMARY OF THE PREDICTED AND OBSERVED FRAGMENTATION 
RESPONSE OF SEVERAL VEHICLE ELEMENTS TO A NUMBER 
OF INTERNAL PRESSURE ENVIRONMENTS 
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MODEL REVIEW AND BOUNDARY ASSUMPTION VERIFICATIONS 

- SANITY CHECKS - 
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MODEL REVIEW AND BOUNDARY ASSUMPTION VERIFICATIONS (CONT’D) 

• SANITY CHECKS (CONT'D) - 
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MASS AND ENERGY FLOW 





fragment equation of motion 




RIGID BODY 34D-9 MODEL RESULTS USED TO CHECK HYDROCODE RESULTS^) 

(Pressure = ATMOS., VELOCITY = m/s) 
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PARAMETERS USED IN TWO-CHAMBER ANALYTICAL MODEL 
FOR THE 34D AND STS-SRM AT MET = 10 
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Retainer 






EFFECT OF FLOW INTO THE CASING-GRAIN CAVITY FROM AN UNSPECIFIED 
LONGITUDINAL FLOW PATH ON RIGID-BODY-MODEL PREDICTED 

34D-9 SRM FRAGMENT VELOCITY 



CONCLUSION: 

A single chamber flow model can be justified if a grain flow channel bypass path with 
a flow area equal to 40 percent of the grain ID area can be identified. Such a model 
will produce unrealistically low grain fragment velocities. 








NORMALIZED CAVITY AND CHAMBER PRESSURE 
AS A FUNCTION OF TIME AFTER LSC INITIATION 



TIME, msec s oe 7 ww 2 8 <jm 





SUMMARY OF RESULTS OBTAINED FROM THE 
RIGID BODY MODELS OF STS EVENTS 
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MODEL BOUNDARY ASSUMPTION VERIFICATION 
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MODEL WAS DEVELOPED FOR THIS TASK. 



MODEL BOUNDARY ASSUMPTION VERIFICATION (CONT’D) 

• THE NEW MODEL HAD THE FOLLOWING FEATURES: 
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THE MASS OF THE PBAN GAS STORED IN THE CHAMBER AT 10 SEC MET IS 
FIVE TIMES GREATER THAN THE MASS GENERATED BY BURNING FOR 20 
MSEC AT 60 BARS. 
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VARIATION OF THE SQUARE ROOT OF THREE TIMES THE SECOND 
INVARIANT OF THE STRESS DEVIATOR TENSOR 

J 2 = 1/2 ($xx + s yy+ 2Sjy). YIELD = (3J 2 = 48.3 BARS 

10 Bar Contours 
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VARIATION OF THE SQUARE ROOT OF THREE TIMES THE SECOND 
INVARIANT OF THE STRESS DEVIATOR TENSOR 

J 2 - % ( s xx + sjy+ 2sjy). yield = (3J2>^ s 48.3 BARS 

10 Bar Contours 
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GRAIN TOTAL STRAIN AS A FUNCTION OF TIME 



S-Oft/WR 




RELATIVE CASING AND GRAIN GEOMETRY AS A FUNCTION OF 
TIME AFTER THE RSD OF AN STS-SRM AT 10 SEC MET 



S46?B3B 







Vectors Show Casing Edge and Relative Velocity Within Panel Only 



1 msec I 29.1 msec 







DEVELOPING FLOW FIELD IN THE GRAIN - CASING CAVITY AT 
VARIOUS TIMES AFTER A STS-SRM CASING FAILURE AT 10 SECONDS MET 

CASING FRAGMENTATION AT 26.9 MSEC 



TIME = 26.9 msec TIME = 28.1 msec TIME = 29.1 msec 

CONTOURS = 2.0 BARS CONTOURS = 1.0 BAR CONTOURS = i n 




